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(54)  Multiple collimator unit

(57) A collimator unit (100) includes an on-axis (A)
collimator tube (106a; 206a; 306a) fixedly attached to at
least two off-axis collimator tubes (106b, 106c, 106d,
106e; 206b, 206c; 306b, 306c, 306d). The off-axis colli-
mator tubes are angled relative to the on-axis collimator
tube. Each collimator tube can include a lens (108), a
light source (110), and a target (112) placed at the lens’
focal point. The collimator tubes can be positioned within
a housing (102) such that the on-axis colimator tube is

coaxial (A) and centered with respect to the housing. Also
disclosed is a method of calibrating an optical device
(400), the steps including simultaneously displaying tar-
get images (410a, 410b, 410c, 410d, 410e) on a focal
plane (406) from each collimator tube (106a, 106b, 106c,
106d, 106e; 206a, 206b, 206c; 306a, 306b, 306c, 306d)
of a collimator unit (100) including at least two collimator
tubes fixedly attached together.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The presentdisclosure relates to calibrating op-
tical devices, and more particularly to collimators used
for calibrating optical devices.

2. Description of Related Art

[0002] When calibrating an optical device to view a tar-
get, either the target is placed a sufficient distance away
or a collimator is used to optically simulate a target at the
distance. Collimators are a critical tool within optical lab-
oratories for measuring focus, image field flatness, bore-
sighting, imaging resolution, and clocking. However, tra-
ditional collimators have several potential drawbacks
against use in the field including expense, fragility, small
field of view, size, and weight.

[0003] Traditionally, for a wide field of view camera or
a modular/reconfigurable camera, a single full aperture
collimator is used for alignment and measurement. For
large fields of view the collimator must be tilted to give
the effect of a field point spaced infinitely far away. Fur-
ther, the angle between the camera and collimator must
be physically adjusted between each measurement to
accomplish off-axis optical testing at the field points of
interest.

[0004] Such conventional methods and systems have
generally been considered satisfactory for their intended
purpose. However, there is still a need in the art for im-
proved collimators. The present disclosure provides a
solution for this need.

SUMMARY OF THE INVENTION

[0005] A collimator unit includes an on-axis collimator
tube fixedly attached to at least two off-axis collimator
tubes. The off-axis collimator tubes are angled relative
to the on-axis collimator tube. Each collimator tube can
include a lens, a light source, and a target placed at the
lens’ focal point.

[0006] The collimator tubes can be mounted to a hous-
ing such that the on-axis collimator tube is coaxial and
centered with respect to the housing. The angle between
the two off-axis collimator tubes and the on-axis collima-
tor tube can be fixed with respect to the housing. In certain
embodiments, the angle between the off-axis collimator
tubes and the on-axis collimator tube can be adjustable.
Further, the angle between each off-axis collimator tube
and the on-axis collimator tube can be symmetrical.
[0007] The on-axis collimator tube can be positioned
to focus a center of a focal plane while the off-axis colli-
mator tubes can be positioned to focus on off-center field
points. In certain embodiments, the off-axis collimator
tubes can be positioned to focus respective edges of the
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focal plane.

[0008] The number of off-axis collimator tubes can be
varied such that one embodiment may include one on-
axis collimator tube and three off-axis collimator tubes
surrounding the on-axis collimator tube. An additional
embodiment may include one on-axis collimator tube and
four off-axis collimator tube surrounding the on-axis col-
limator tube. In each embodiment, the off-axis collimator
tubes can be evenly spaced surrounding the on-axis col-
limator tube.

[0009] A method of calibrating an optical device is dis-
closed. The method includes simultaneously displaying
target images on a focal plane from each collimator tube
of a collimator unit including at least two collimator tubes
fixedly attached together.

[0010] These and other features of the systems and
methods of the subject disclosure willbecome more read-
ily apparent to those skilled in the art from the following
detailed description of the preferred embodiments taken
in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] So that those skilled in the art to which the sub-
ject disclosure appertains will readily understand how to
make and use the devices and methods of the subject
disclosure without undue experimentation, preferred em-
bodiments thereof will be described in detail herein below
by way of example only, and with reference to certain
figures, wherein:

Fig. 1 is a perspective view of an exemplary embod-
iment of a collimator unit constructed in accordance
with the present disclosure showing five collimator
tubes in a common housing;

Fig. 2 is a top plan view of another exemplary em-
bodiment of a collimator unit with three collimator
tubes;

Fig. 3 is a top plan view of another exemplary em-
bodiment of a collimator unit with four collimator
tubes; and

Fig. 4 is a schematic side view illustrating the image
returned using the collimator unit of Fig. 1 with a cam-
era.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0012] Reference will now be made to the drawings
wherein like reference numerals identify similar structural
features or aspects of the subject disclosure. For purpos-
es of explanation and illustration, and not limitation, a
partial view of an exemplary embodiment of a multiple
collimator unitin accordance with the disclosure is shown
in Fig. 1 and is designated generally by reference char-
acter 100. Other embodiments of the multiple collimator
unitin accordance with the disclosure, or aspects thereof,
are provided in Figs. 2-4, as will be described.
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[0013] With reference to Fig. 1, a multiple collimator
unit 100 is shown. The unit 100 can be a portable unit
consisting of multiple collimators positioned at various
angles to simulate a wide field of view target. As shown
in Fig. 1, the unitincludes five collimator tubes 106a-106e
fixedly attached together. More specifically, one on-axis
collimator tube 106a is fixedly attached to four off-axis
collimator tubes 106b-106e. The off-axis collimator tubes
106b-106e are angled relative to the on-axis collimator
tube 106a. The angle of the off-axis collimator tubes
106b-106e relative to the on-axis collimator tube 106a is
the same for each off-axis collimator tube 106b-106e and
is based on the optical device being calibrated. It will be
understood by those skilled in the art, the angle of the
off-axis collimator tubes 106b-106e is defined by the al-
titude angle.

[0014] As shown, the unit 100 can include a housing
102 having five bores 104a-104e and a respective colli-
mator tube 106a-106e disposed within each bore 104a-
104e. Each collimator tube 106a-106e can be threaded
into the respective bore 104a-104e of the housing 102.
The on-axis collimator tube 106a is positioned coaxial
with the housing axis A. The on-axis collimator tube 106a
is also centered within the housing 102. The off-axis col-
limator tubes 106b-106e can be positioned surrounding
the on-axis collimator tube 106a. Housing 102 with bores
104a-104e is exemplary only and any other suitable fix-
ture or method can be used to mount collimator tubes
together.

[0015] Each collimator tube 106a-106¢e includes a lens
108, a light source 110 and a target 112 placed at the
lens’ focal point (shown schematically). Those skilled in
the art will understand that each collimator tube 106a-
106e is shown and described as including a lens, how-
ever, depending on the optical device each collimator
tube 106a-106e may include lens(es), mirror(s), diffrac-
tive optical element(s) or combinations of these ele-
ments. The light source 110 may be a light emitting diode
(LED), a fiber optic light, or a similar type of light source.
The target 112 may include a pinhole, or the like. The
number of collimator tubes within each housing can be
varied and reconfigured. Fig. 1 illustrates one on-axis
collimator tube 106a and four off-axis collimator tubes
106b-106e. Fig. 2 illustrates one on-axis collimator tube
206a and two off-axis collimator tubes 206b, 206c. Fig.
3 illustrates one on-axis collimator tube 306a and three
off-axis collimator tubes 306b-306d. The off-axis collima-
tor tubes 106b-106e, 206b-206¢c, 306b-306d are shown
evenly spaced circumferentially surrounding the on-axis
collimator tube 106a, 206a, 306a in the respective con-
figurations. However, the arrangement of the off-axis col-
limator tubes surrounding the on-axis collimator tubes
can be varied based on the optical device being calibrat-
ed.

[0016] The outer diameters of the collimator tubes
106a-106e are fixed within the housing 102. In embodi-
ments, the angles between the off-axis collimator tubes
106b-106e and the on-axis collimator tubes 106a are also
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fixed with respect to the housing. In embodiments, the
unit 100 allows for the collimator tubes 106a-106e to be
removed from the housing 102 and collimator tubes con-
figured for different focal lengths or wavelengths to be
installed. As the angle between the collimator tubes is
fixed with respect to the housing, the newly installed col-
limator tubes will return to same angle positioning defined
by the housing. The angle between the off-axis and on-
axis collimator tubes 106b-106e, 106a can optionally be
adjustable prior to calibration of an optical device.
[0017] With traditional collimators, to calibrate over a
wide field of view, data is collected for a single field angle
and then the collimator and/or lens is adjusted to capture
additional field angles. Since the unit 100 contains mul-
tiple collimators 106a-106e, the unit 100 is able to capture
multiple field points of a wide field of view camera simul-
taneously without the need to move, tilt or realign the unit
100 or camera. Unit 100 is designed such that the beam
footprint of each individual collimator tubes 106a-106e
intersects at a single point in the collimated space. Each
collimator tube 106a-106e will project light that corre-
sponds to a unique location on the image plane. The
resulting data is the same as that derived by traditional
techniques that require tilting the lens or single collimator.
The unit 100 allows for the entire data set for a large field
of view to be captured in a single image.

[0018] As shown in Fig. 4, a schematic view of a cam-
era400is shown. A collimator unit 100 is used to calibrate
the camera lens 402. The unit 100 is positioned in front
of the camera lens 402. With five collimator tubes 106a-
106e, the unit 100 simulates a wide field of view target
by simultaneously displaying the target images 410a-
410e from each respective collimator tube 106a-106e on
afocal plane 406 of the lens 402. The on-axis collimator
tube 106a is positioned to focus the center of a focal
plane while off-axis collimator tubes 106b-106e are po-
sitioned to focus on off center field points. In this manner,
each collimator tube 106a-106e will calibrate a portion
of the entire field of view. The image at the focal plane
406 at each portion can be displayed onto a display
screen 408 of the camera 400. The sharpness of the
image indicates if the lens 402 is properly calibrated. If
not properly calibrated, the sharpness of the image indi-
cates what adjustments are needed to correct for meas-
uring focus, image field flatness, boresighting, imaging
resolution, and clocking. As shown on the display screen
408 of the camera 400, the on-axis collimator tube 106a
focuses at the center 410a of the focal plane 406. Each
of the off-axis col limator tubes 106b-106e focuses on or
near edges 410b-410e of the focal plane 406, e.g., the
corners.

[0019] With continued reference to Fig. 4, each colli-
mator tube 106a-106e illustrates the respective targets
in focus. However, if the lens were out of focus or titled
at an angle, one or more of the images 410b-410e will
appear at different sizes and/or distances from the center
410a. Simple software algorithms available in several
programming environments known in the art will detect
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this change in spot size variation. A user or automated
system may then readjust the focal plane angles until all
images 410b-410e appear the same size and same dis-
tance from the center 410a. Those skilled in the art will
readily appreciate that the display screen 408 is optional,
and is shown in Fig. 4 for purposes of schematic clarity.
[0020] For illustration purposes the unit 100 is shown
to test the lens of the camera 400. It is understood that
the unit 100 may be used to calibrate various optical de-
vices. For example, unit 100 may be used to calibrate an
aerospace camera system by projecting the targets to
determine the cameras’ imaging capability, where the
camera will be used to illustrate the immediate surround-
ings for a pilot.

[0021] The methods and systems of the present dis-
closure, as described above and shown in the drawings,
provide for a field servicing collimator unit with superior
properties including simulating a wide field of view of a
target. While the apparatus and methods of the subject
disclosure have been shown and described with refer-
ence to preferred embodiments, those skilled in the art
will readily appreciate that changes and/or modifications
may be made thereto without departing from the scope
of the subject disclosure as set out in the claims.

Claims
1. A collimator unit (100) comprising:

an on-axis (A) collimator tube (106a; 206a;
306a) fixedly attached to at least two off-axis
collimator tubes (106b, 106c, 106d, 106e; 206b,
206c¢; 306b, 306¢c, 306d), wherein the off-axis
collimator tubes are angled relative to the on-
axis collimator tube.

2. The collimator unit of claim 1, wherein each collima-
tor tube comprises:

alens (108);
a light source (110); and
a target (112) placed at the lens’ focal point.

3. Thecollimator unit of claims 1 or 2, wherein the angle
between each off-axis collimator tube and the on-
axis collimator tube is symmetrical.

4. The collimator unit of any of claims 1, 2 or 3, wherein
the collimator tubes are positioned within a housing
(102) such that the on-axis collimator tube is coaxial
(A) and centered with respect to the housing.

5. The collimator unit of claim 4, wherein the angle be-
tween the at least two off-axis collimator tubes and
the on-axis collimator tube is fixed with respect to
the housing.
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10.

1.

12.

13.

14.

15.

The collimator unit of any preceding claim, wherein
the on-axis collimator tube is positioned to focus a
center of a focal plane (406) and the off-axis colli-
mator tubes are positioned to focus on off-center field
points.

The collimator unit of claim 6, wherein the off-axis
collimator tubes are positioned to focus on a respec-
tive edge of the focal plane.

The collimator unit of any preceding claim, including
one on-axis collimator tube and three off-axis colli-
mator tubes surrounding the on-axis collimator tube.

The collimator unit of any of claims 1 to 7, including
one on-axis collimator tube and four off-axis collima-
tor tube surrounding the on-axis collimator tube.

The collimator unit of any of claims 1 to 4, wherein
the angle between the off-axis collimator tubes and
the on-axis collimator tube is adjustable.

A method of calibrating an optical device (400), the
steps comprising:

simultaneously displaying target images (410a,
410b, 410c, 410d, 410e) on a focal plane (406)
from each collimator tube (106a, 106b, 106c,
106d, 106e; 206a, 206b, 206c; 306a, 306b,
306¢, 306d) of a collimator unit (100) including
at least two collimator tubes fixedly attached to-
gether.

The method of claim 11, wherein the collimator unit
includes three collimator tubes (206a, 206b, 206¢),
such that one collimator tube (206a) is on-axis (A)
and two collimator tubes (206b, 206c) are off-axis.

The method of claim 12, wherein the two off-axis
collimator tubes are angled relative to the on-axis
collimator tube.

The method of claims 12 or 13, wherein the on-axis
collimator tube is positioned to focus a center of the
focal plane and the off-axis collimator tubes are po-
sitioned to focus on off-center field points.

The method of claim 14, wherein the off-axis colli-
mator tubes are positioned to focus on a respective
edge of the focal plane.
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